We evaluated the evacuated phlebotomy tube designed specifically for trace metal analysis by Sherwood Medical Co. Pools of human serum containing known concentrations of aluminum, arsenic, calcium, cadmium, copper, chromium, iron, lead, magnesium, manganese, mercury, selenium, and zinc were exposed to the tube and rubber stopper for defined periods ranging from 5 mmto 24 h. Heretofore, the only acceptable alternative to the use of evacuated collection tubes for trace element analysis has been the collection of blood through needles containing plastic hubs into acid-leached plastic syringes containing no rubber parts. The effectiveness of this procedure in producing low and consistent values for trace and ultra-trace metal concentrations has been documented for more than 10 years in this laboratory and by many others (3,6,14,15,18,20) .
Blood collectionand subsequent specimen storage are critical steps in accurate determination of trace elements in serum. Iatrogemc alteration by the act of collecting and storing the specimen renders subsequent analytical efforts inaccurate. Although we do not intend to exhaustively review the literature, adulteration of phlebotomized blood by evacuated (low-pressure) collection containers has been documented for at least 20 
years (1-25).
Heretofore, the only acceptable alternative to the use of evacuated collection tubes for trace element analysis has been the collection of blood through needles containing plastic hubs into acid-leached plastic syringes containing no rubber parts. The effectiveness of this procedure in producing low and consistent values for trace and ultra-trace metal concentrations has been documented for more than 10 years in this laboratory and by many others (3,6,14,15,18,20).
Although the harvesting of blood with special syringes and needles appears necessary, the basic incompatibility of the use of these devices with conventional phlebotomy also has long been recognized. To avoid alteration of the serum specimen, at least one company now markets an evacuated tube specifically designed for the analysis of trace elements. The degree of contamination or absorption of trace elements by this ultra-trace tube has been evaluated in this laboratory (25) and by others (6, 7, 11, 13, 14,21,22,24).
In our trials, this tube was found to be unsatisfactory for the collection of blood intended for chromium, manganese, aluminum, and selenium analysis.
A continuing goal of our laboratory is to identify blood-collectiontubes with little or no metal contamination or metal absorption for use in a standard clinical environment. Here we detail the results of our evaluation of an evacuated blood collection tube produced by SherwoodMedical Co., designed to accomplish this goal.
Materialand Methods

Instrumentation
Three distinct instrument systems were used to complete these analyses. A Model 5100 Zeeman graphite furnace atomic absorption spectrophotometer (GFAAS) complete with an HGA-600 power supply, AS-60 autosampler, PR21O printer, and 7700 professional computer ( Serum pools. We created three pools of human serum, -175 mL each, accumulated from waste serum from specimens submitted for the determinations of Al, Cr, Mn, and Se. We had used ultra-clean phlebotomy techniques, described elsewhere (27) , to collect these specimens. The pools were aliquoted into acid-leached screwcapped vials and frozen. Because we used unmodified human serum without the addition of exogenous trace elements in this study, control over the absolute concentration of each element was limited. Initial pools of "low" and "elevated" concentrations of the four elements were collected in acid-leached Teflon bottles. Collections were also made for a "normal" concentration zinc pool.
Laboratory ware. For all analyses performed by GFAAS (except Se, As, and Cd), we thoroughly cleaned by dilute nitric acid-leaching (28) the laboratory items that touch the serum pools, standards, and controls: pipette tips, sampler cups, Teflon beakers, plastic volumetric flasks, plastic screw cap vials, and Teflon bottles. Immediately before use, items were removed from the leach solution, washed with triply distilled water, and air-dried in a clean-air station. We used unleached pipette tips and plastic 2-mL sampler cups in the analyses for As, Cd, Se, Hg, Ca, Mg, Cu, Zn, and Fe. 
Analytical Procedures
GFAAS analyses. We performed the analyses for Al, Cr, Mn, Se, As, and Cd essentially as described in the standard conditions literature supplied by PerkinElmer. For serum lead analysis, the supernates from the deproteinization of the sera samples with nitric acid (100 mL'L) were analyzed with no addition of matrix modifier. Otherwise, lead analysis was also performed as described. A complete list of the analytical conditions is compiled in Table 1 .
In all of the analyses described in Table 1 , all calibrators were prepared in either a pooled, acidified urine matrix or a pooled sera matrix. For all analyses except Cd, the diluent also contained many matrix-modification chemicals necessary for analyte retention or for elimination of undesirable matrix in the ashing step.
For Cd, the matrix modifier was added directly to the diluted specimen on the graphite platform at the beginning of each temperature cycle.
At least two aqueous blanks, prepared exactly the same as the serum specimens, were analyzed in each calibration.
We also analyzed daily the control specimens in duplicate immediately after assay of the calibration solutions and after every 10 sample positions throughout the assay. Analyses for Al, Cr, Mn, and Pb were performed in duplicate and the listed results are the averages of the duplicates.
ICP analyses. All calibrators, controls, and specimens were diluted with an aqueous solution containing 1 mL of Triton X-100 and 0.75 pg of yttrium per liter. We used yttrium in the diluent as an internal standard as previously described (26). Sera Chem Level I served as both the calibator and the first control; Sera Chem Level II was the second control. Sera Chem controls were assayed at intervals of 10 sample cups thereafter.
Hg analyses. We determined mercury concentration by cold vapor atomic absorption spectrophotometry
(29).
Aliquots of standards, controls, and specimens were mixed with 7 mL of a digestion solution of 250 mL of nitric acid and 250 mL of sulfuric acid per liter of triply distilled water. One milliliter of saturated aqueous potassium permanganate solution was added per 7 mL of digestion solution.
The resulting digests were pumped, in turn, through a mixing loop into which was fed a 250 gIL stannous chloride solution in hydrochloric acid (200 mLfL). Mercury vapors were removed by passing this mixture through a gas-liquid separator. The mercury vapors were swept from the separator by a constant flow of argon and directed to a flow cell placed in the optical path of the atomic absorption instrument.
As in the above two analyses, controls were analyzed immediately after the calibrators and again after every 10 samples. After a clot time of 60 mm, the tubes were centrifuged and the sera poured off from the tubes into acid-leached plastic screw-cap vials. We analyzed all specimens on the same day.
Results
To demonstrate the accuracy and precision of our methods and to assure ourselves that no instrument or reagent changes occurred during the 45 days of the study, SRM 909 (lyophilized human serum) and SRM 1598 (inorganic constituents in bovine serum) were analyzed in replicates of 10 at the beginning and at the end of the experimental period. Average results for five replicate specimens are shown in Table 4 for both unstoppered times and for four stopper-contact times. Also listed are the mean values (n = 6) of the elemental concentrations of the pools as prepared. The only trends noted were a tendency for Al to increase after 24 h of contact and a modest but definite increase in serum Mn and Pb, but none of these increases were consideredsignificant. No contamination or absorption of other elements appears to occur.
In a final experiment to determine the extent of contamination introduced under real conditions, the 20 blood samples collected from the 10 volunteers into Sherwood tubes and into our standard equipment (allplastic acid-leached syringe and plastic hub needle) were allowed to clot and were centrifuged; then the serum was poured off into acid-leached screw-cap vials. The fresh sera were analyzed immediately in the routine daily assay of Al, Cr, Mn, and Se, the four elements most likely to be affected by the rubber stopper. For all 20 specimens, no difference was observed between results for the sera collected by each method. In four of the specimens, difficulty in pouring off the serum forced us to recentrifuge the plastic clot tube after rimming with an acid-leached plastic pipette tip. Results appeared to be virtually identical for both collection tubes. Only a few investigators have actually phiebotomized patients or punctured the rubber stoppers of evacuated collection tubes to study their integrity (5, 11, 24) . In our study, no increases in Cr, Al, Mn, or Se were observed after puncturing the rubber stopper during routine phlebotomy.
Discussion
We conclude that the Sherwood evacuated collection tube is adequate for blood collectionfor the trace and ultra-trace metals examined here.
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